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IUDFWLRQDO NLQHWLF HTXDWLRQ GULYHQ E\ JDXVVLDQ RU
LQILQLWHO\ GLYLVLEOH QRLVH
M1 P1 DQJXOR/ Y1Y1 DQK/ U1 PFYLQLVK/ DQG P1G1 UXL]0PHGLQD
Devwudfw1 Wklv sdshu frqvlghuv fhuwdlq iudfwlrqdo +lq vsdfh dqg lq wlph, nlqhwlf htxd0
wlrqv zlwk Jdxvvldq ru lqqlwho| glylvleoh qrlvh lqsxw1 Wkh vroxwlrqv wr wkh htxdwlrq
duh surylghg iru erwk fdvhv ri erxqghg dqg xqerxqghg grpdlqv/ lq frqmxqfwlrq zlwk
erxqgv iru wkh yduldqfhv ri wkh lqfuhphqwv1 Wkh uroh ri hdfk ri wkh sdudphwhuv lq wkh
htxdwlrq lv lqyhvwljdwhg zlwk uhvshfw wr vhfrqg0 dqg kljkhu0rughu surshuwlhv1 Lq sduwlf0
xodu/ lw lv vkrzq wkdw orqj0udqjh ghshqghqfh pd| dulvh lq wkh whpsrudo vroxwlrq xqghu
fhuwdlq frqglwlrqv rq wkh vsdwldo rshudwruv1
41 Lqwurgxfwlrq
Wkh Ulhv}0Ehvvho iudfwlrqdo glxvlrq htxdwlrq vxemhfw wr Jdxvvldq zklwh qrlvh rq uhfw0
dqjxodu dqg xqerxqghg grpdlqv zdv lqwurgxfhg lq Dqjxor hw do1 ^5`1 Wkh htxdwlrq kdv
wkh irup
Y
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 ' 0 E|c %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S Efc %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| 5 U  c % 5 (  U 	 c k  fc  : fc zkhuh U lv wkh lghqwlw| rshudwru/ { lv wkh Odsodfldq
rshudwru/ 0 E|c % lv Jdxvvldq vsdfh0wlph zklwh qrlvh/ dqg S  E% lv d vsdwldo udqgrp hog
lqghshqghqw ri 0 E|c %  Khuh/ EU { 
   lv wkh Ehvvho srwhqwldo dqg E{ 
  lv wkh
Ulhv} srwhqwldo1 Dsduw iurp wkh fodvvlfdo frqwh{w ri khdw frqgxfwlrq/ dq htxdwlrq ri
wkh irup +414, zlwk  ' 2c k ' f dovr dulvhv lq qhxursk|vlrorj| +Zdovk ^7<`/ ^83`,/ iru
h{dpsoh1 Glxvlrq rshudwruv ri wkh irup E{    c  : fc kdyh ehhq xvhg wr ghqh
k|shuylvfrvlw| dqg wr vwxg| lwv hhfw rq wkh lqhuwldo0udqjh vfdolqj ri ixoo| ghyhorshg
wxuexohqfh +Mlpìqh} ^5:`/ Ohyhtxh dqg Vkh ^65`,1 Wkh suhvhqfh ri wkh Ehvvho rshudwru lv
hvvhqwldo iru d vwxg| ri vwdwlrqdu| vroxwlrqv ri +414,> vhh dovr Dqk hw do1 ^:` iru uhodwhg
prghov1 Dqjxor hw do1 ^5` vwxglhg wkh h{lvwhqfh ri d vroxwlrq/ vdpsoh sdwk uhjxodulw|
dqg vhfrqg0rughu surshuwlhv/ sduwlfxoduo| vsdwldo orqj phpru| lq wkh fdvh ri xqerxqghg
vsdwldo grpdlq/ ri wkh vroxwlrq ri +414, dv |$41 D vlplodu sureohp zdv lqyhvwljdwhg e|
Erqdffruvl dqg Wxedur ^46` lq d Kloehuw vsdfh vhwwlqj1 Krzhyhu/ wkh lvvxh ri whpsrudo
phpru| ri wkh vroxwlrq ri +414, kdv qrw ehhq lqyhvwljdwhg lq vx!flhqw ghwdlo1
Wklv lvvxh lv dgguhvvhg lq wkh suhvhqw sdshu1 D iudfwlrqdo0lq0wlph glhuhqwldo rshudwru
zloo eh lqwurgxfhg lqwr +414, h{solflwo|/ dqg wkh hhfwv ri wkh iudfwlrqdo rshudwruv lq
Gdwh= 4; Qryhpehu 53371
4<<4 Pdwkhpdwlfv Vxemhfw Fodvvlfdwlrq1 93J93/ 93M931
Nh| zrugv dqg skudvhv1 Iudfwlrqdo glxvlrq> iudfwlrqdo khdw htxdwlrq> iudfwlrqdo nlqhwlf htxdwlrq>
orqj0udqjh ghshqghqfh1
Sduwldoo| vxssruwhg e| wkh Dxvwudoldq Uhvhdufk Frxqflo judqw GS36788:: dqg surmhfw EIP5335034;69
ri wkh GJL/ Vsdlq1
Wkh dxwkruv duh judwhixo wr wkh uhihuhh iru d fduhixo uhdglqj ri wkh sdshu dqg pdq| xvhixo vxjjhvwlrqv1
4
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ghslfwlqj vsdwldo dqg whpsrudo orqj phpru| lq wkh vsdfh0wlph frqwh{w zloo eh vwxglhg +d
edfnjurxqg rq wkh lvvxh ri orqj phpru| lv surylghg lq wkh Lqwurgxfwlrq ri ^5`,1 Lq idfw/
zh zloo frqvlghu dq h{whqghg irup ri +414,=
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+vhh Fdsxwr ^48`/ Gmuedvkldq ^4<`/ Srgoxeq| ^74`,1 Wkh irfxv lq wklv sdshu lv rq wkh fdvh ri
q

  dowkrxjk Ht1 +415, zlwkrxw wkh udqgrp iruflqj whup fryhuv dv vshfldo fdvhv pdq|
lpsruwdqw glxvlrq0w|sh htxdwlrqv1 Iru h{dpsoh/ wkh htxdwlrq iru jhqhudolvhg Fdwwdqhr
glxvlrq lv jlyhq e| 
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 dqg g ehlqj frqvwdqwv +Frpswh dqg Phw}ohu ^4:`,/ wkh wlph0iudfwlrqdo whohjudsk htxd0
wlrq wdnhv wkh irup  Y  
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b ehlqj d frqvwdqw +Ruvlqjkhu dqg Ehjklq ^73`,/ zkloh wkh iudfwlrqdo Ulhv}0Ehvvho glxvlrq
lv jryhuqhg e|
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S E|c %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   S E|c % c > : f+417,
Ht1 +417, lv d iudfwlrqdo glxvlrq htxdwlrq zkhq f 	 q   dqg lv d iudfwlrqdo zdyh
htxdwlrq zkhq  	 q  2/ khqfh lv dovr uhihuuhg wr dv iudfwlrqdo glxvlrq0zdyh htxdwlrq1
Vshfldo fdvhv ri +417, kdyh ehhq wuhdwhg e| pdq| dxwkruv lqfoxglqj Dqk dqg Ohrqhqnr
^7/ 8/ 9`/ Edundl hw do1 ^44`/ Ehqvrq hw do1 ^45`/ Fkdyhv ^49`/ Jruhq r hw do1 ^55/ 54/ 56/ 57`/
Nodiwhu hw do1 ^5<`/ Nrfkxehl ^63`/ Pdlqdugl ^67`/ Phhuvfkdhuw hw do1 ^69/ 6:/ 6;`/ Phw}ohu
dqg Nodiwhu ^6<`/ Vdlfkhy dqg ]dvodyvn| ^77`/ Vfkqhlghu ^78`/ Vfkqhlghu dqg Z|vv ^79`/
Vkohvlqjhu hw do1 ^7:`/ Xfkdlnlq dqg ]rorwduhy ^7;`1
Ht1 +415, lv fdsdeoh ri lqfrusrudwlqj ydulrxv vkruw0 dqg orqj0udqjh fruuhodwlrq vwuxf0
wxuhv lq vsdfh dqg wlph1 Zh zloo sd| dwwhqwlrq wr wkh uroh ri wkh sdudphwhuv ri +415, lq
wkhvh fruuhodwlrq vwuxfwxuhv ri wkh vroxwlrq1 Zh frqvlghu lq ghwdlo wkh ehkdylrxu ri wkh
vroxwlrq revhuyhg dw d vlqjoh vsdwldo orfdwlrq1 Wkh uhdvrq iru wklv lv wkdw/ lq pdq| dssolhg
duhdv/ iru h{dpsoh lq wxuexohqfh dqg dlu srooxwlrq/ wlph vhulhv gdwd duh froohfwhg lq wklv
idvklrq +iurp krw0zluh dqhprphwhuv dqg dlu txdolw| prqlwrulqj vwdwlrqv,1 Wkhuhiruh/ lq
wklv sdshu zh zloo vwxg| wkh h{dfw ehkdylrxu ri whpsrudo hyroxwlrq dw vxfk vsdwldo orfd0
wlrqv1 D vljqlfdqw qglqj lv wkdw zh revhuyh whpsrudo orqj0udqjh ghshqghqfh hyhq lq wkh
fdvh ri wkh lqqlwh0glphqvlrqdo Ruqvwhlq0Xkohqehfn surfhvv +414,1
Lq wkh qh{w vhfwlrq/ zh surylgh d frqqhfwlrq zlwk wkh wkhru| ri frqwlqxrxv wlph udqgrp
zdon +FWUZ,/ khqfh d prwlydwlrq iru frqvlghulqj htxdwlrqv ri wkh irup +415,1 Lq idfw/ zh
IUDFWLRQDO NLQHWLF HTXDWLRQ 6
zloo vkrz wkh h{lvwhqfh ri vwrfkdvwlf surfhvvhv zklfk duh wkh olplwv/ lq wkh zhdn vhqvh/ ri
vhtxhqfhv ri FWUZv zkrvh suredelolw| ghqvlw| ixqfwlrqv R E|c % duh jryhuqhg e| jhqhudo
htxdwlrqv ri wkh irup
  Y  R E|c %Y|

n   n   Y  R E|c %Y| &  ' DR E|c % c+418,
zkhuh D lv wkh lqqlwhvlpdo jhqhudwru ri d Oìy| surfhvv1 Wkh Ulhv}0Ehvvho rshudwru
EU {   E{   lv d vshfldo fdvh ri D
Iru qrwdwlrqdo vlpsolflw|/ zh frqfhqwudwh rq wkh iudfwlrqdo nlqhwlf htxdwlrq
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Wklv zloo eh vx!flhqw iru wkh frqfoxvlrqv zh zdqw wr gudz1 H{whqvlrq wr wkh pruh jhqhudo
htxdwlrq +415, lv glvfxvvhg lq Vxevhfwlrq 6161
Zh uvw frqvlghu +419, iru wkh fdvh ri erxqghg vsdwldo grpdlqv lq Vxevhfwlrq 6141 Zh
irupxodwh d vroxwlrq wr wkh Glulfkohw sureohp yld wkh hljhqixqfwlrq h{sdqvlrq ri wkh
dvvrfldwhg Juhhq ixqfwlrq1 Vkdus erxqgv duh rewdlqhg iru wkh yduldqfh ri wkh lqfuhphqwv
lq vsdfh dqg wlph Lq wkh fdvh ri xqerxqghg vsdwldo grpdlqv/ zh rewdlq d vroxwlrq lq
whupv ri wkh Irxulhu wudqvirup ri wkh dvvrfldwhg Juhhq ixqfwlrq1 Dw hdfk wlph | 5 U  c
wkh vroxwlrq lv d krprjhqhrxv udqgrp hog1 Zh fdofxodwh lwv vsdwldo vshfwudo ghqvlw|/ dqg
wkhq rewdlq d vlplodu erxqg iru wkh yduldqfh ri wkh lqfuhphqwv1 Lq erwk fdvhv vwxglhg/
wkh vroxwlrqv duh dv|pswrwlfdoo| vwdwlrqdu| lq wlph1 Zh ghulyh wkh fruuhvsrqglqj vshfwudo
ghqvlwlhv dqg erxqgv rq wkh yduldqfhv ri wkh lqfuhphqwv/ dv zhoo dv wkh mrlqw vsdwlr0
whpsrudo vshfwudo ghqvlw| lq wkh vhfrqg fdvh1 Wkhvh uhvxowv doorz xv wr ghvfuleh wkh
phpru| qdwxuh +erwk vsdwldo dqg whpsrudo, ri wkh vroxwlrqv1 Vhfwlrq 7 zloo surylgh vrph
uhvxowv lq wkh fdvh zkhq Jdxvvldq qrlvh lq +419, lv uhsodfhg e| lqqlwho| glylvleoh qrlvh1 Lq
sduwlfxodu/ vx!flhqw frqglwlrqv iru wkh h{lvwhqfh ri kljkhu rughu prphqwv ri wkh vroxwlrq
dqg fruuhvsrqglqj kljkhu rughu vshfwudo ghqvlwlhv zloo eh ghulyhg1
51 Vwrfkdvwlf surfhvvhv dvvrfldwhg zlwk iudfwlrqdo nlqhwlf htxdwlrq
Wklv vhfwlrq surylghv d FWUZ sdwkzd| wr wkh jhqhudo iudfwlrqdo nlqhwlf htxdwlrq +418,1
Zh uvw ghqh dqg uhfdswxuh vrph vdolhqw ihdwxuhv ri wkh FWUZ prgho1 Lq wklv prgho/ d
udqgrp zdonhu vwduwv dw h ' f dw wlph | ' f dqg surfhhgv e| vxffhvvlyh udqgrp mxpsv1 Lw
lv jhqhudoo| dvvxphg wkdw wkh zdlwlqj wlphv   c  ' c 2c c ehwzhhq frqvhfxwlyh mxpsv duh
lqghshqghqw dqg lghqwlfdoo| glvwulexwhg +llg, udqgrp yduldeohv zlwk suredelolw| ghqvlw|
 E c dqg wkh mxpsv 
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lv fdoohg d frqwlqxrxv wlph udqgrp zdon1
Wkh suredelolw| ghqvlw| R E|c h ri qglqj wkh udqgrp zdonhu dw srvlwlrq h dw wlph | lv
jryhuqhg e| wkh htxdwlrq
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 n
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
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b Eh h 1  R Erc h 1  _h 1

_rc | 5 U  c h 5U 	 c+514,
zkhuh B Eh lv wkh Gludf ghowd ixqfwlrq/ xvhg khuh wr uh hfw wkh lqlwldo frqglwlrq R Efc h '
B Eh c [E| lv wkh vxuylydo suredelolw|/ zklfk lv uhodwhg wr wkh zdlwlqj wlph ghqvlw| wkurxjk
[E| '  U 

 Er _r +Kloihu ^58/ ss1 44;044<`/ Pdlqdugl hw do1 ^68`,1 Wkh uvw whup rq
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wkh uljkw0kdqg vlgh ri +514, h{suhvvhv wkh shuvlvwhqfh ri wkh lqlwldo srvlwlrq h ' f/ zkloh
wkh vhfrqg whup ghvfulehv wkh frqwulexwlrq wr R E|c h iurp wkh zdonhu yld wkh mxps h h
1
dw lqvwdqw | diwhu d zdlwlqj wlph |r Wkh hyroxwlrq htxdwlrq +514, lv nqrzq dv wkh pdvwhu
htxdwlrq ri wkh frqwlqxrxv wlph udqgrp zdon f  
Iurp qrz rq/ zh frqvlghu wkh rqh0glphqvlrqdo fdvh/ _ ' c zklfk lv vx!flhqw iru rxu
sxusrvh1 Pdlqdugl hw do1 ^68` qrwhg wkdw/ li  lv wkh Plwwdj0Oh"hu ghqvlw|/ wkdw lv/ li
 E| ' | 
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b E% + R E|c + _++515,
Wr frqvlghu wkh pruh jhqhudo iudfwlrqdo0lq0wlph rshudwru jlyhq lq +418, zlwk q

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qhhg wkh fodvv ri h{whqghg Plwwdj0Oh"hu glvwulexwlrqv ghqhg lq Dqk dqg PfYlqlvk ^;`1
Wklv fodvv ri glvwulexwlrqv kdyh ghqvlwlhv ghvfulehg e| wkh Odsodfh wudqvirup
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zlwkdqg	ghqrwlqj wkh Odsodfh dqg Irxulhu wudqvirupv/ uhvshfwlyho|1 Khqfh/ zlwk wkh
h{whqghg Plwwdj0Oh"hu glvwulexwlrqv dv wkh zdlwlqj wlph glvwulexwlrq ri wkh FWUZ zh
kdyh   r 
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Lqyhuwlqj wkh Odsodfh dqg Irxulhu wudqvirupv zh duulyh dw wkh h{whqghg irup
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Zh zloo qrz uhvwulfw rxu dwwhqwlrq wr wkh fdvh ri ? ' / dowkrxjk wkh uhvxow zloo dsso| wr
wkh jhqhudo fdvh1
Ohw b eh dq lqqlwho| glylvleoh glvwulexwlrq zlwk fkdudfwhulvwlf ixqfwlrq
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jc  5 Uc D E_% ehlqj d Oìy| phdvxuh +Oxndfv ^66`,1 Ohw S eh d srvlwlyh frqvwdqw dqg b =?>
eh wkh glvwulexwlrq zlwk fkdudfwhulvwlf ixqfwlrq
	b E/ > 1 Zkhq S lv d srvlwlyh lqwhjhu
wkhq b =?> lv wkh glvwulexwlrq ri wkh vxp ri S lqghshqghqw udqgrp yduldeohv zlwk glvwulexwlrq
IUDFWLRQDO NLQHWLF HTXDWLRQ 8
b1 Iru S 	  wkh glvwulexwlrq b =?> uhsuhvhqwv d frqyroxwlrq urrw ri b1 Rxu lqwhuhvw lv lq
wkh ehkdylrxu ri vroxwlrqv wr wkh pdvwhu htxdwlrq
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b =?> E% + R E|c + _++517,
dv S $ f1 Wkh uhvxowlqj FWUZ fruuhvsrqglqj wr +517, zlwk S : f kdv zdlwlqj wlph
ghqvlw| S
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|  *S dqg mxps glvwulexwlrq b =?> 1 Zh zloo vkrz wkdw wkh pdvwhu
htxdwlrq frqyhujhv wr wkh iudfwlrqdo vsdfh0wlph htxdwlrq
Y  R E|c %
Y|

' DR E|c %+518,
+lq wkh vhqvh vshflhg ehorz,/ zkhuh D lv wkh lqqlwhvlpdo jhqhudwru ri wkh Oìy| prwlrq
dvvrfldwhg zlwk wkh lqqlwho| glylvleoh glvwulexwlrq bc dqg wkh vhtxhqfh ri udqgrp zdonv
f
>
 zklfk +517, ghvfulehv frqyhujh zhdno|1 Lqwhuhvwlqj h{dpsohv riD lqfoxgh wkh lqyhuvh ri
wkh Ulhv} srwhqwldo E{   c k 5 Efc o c zklfk jhqhudwhv 2kvwdeoh prwlrq/ dqg wkh lqyhuvh
ri wkh frpsrvlwlrq ri wkh Ulhv} dqg Ehvvho srwhqwldov E{   EU {  c k 5 Efc o c k n
 5 dfc o c zklfk jhqhudwhv wkh Ulhv}0Ehvvho Oìy| prwlrq +Dqk dqg PfYlqlvk ^<`,1 Wkh
iroorzlqj wkhruhp kdv ehhq suryhg e| Phhuvfkdhuw dqg Vfkh"hu ^6;` lq d pruh jhqhudo
frqwh{w1 Dq dowhuqdwlyh surri lv surylghg khuh wr lqglfdwh ixuwkhu vfrsh iru h{whqvlrq wr
jhqhudo iudfwlrqdo0lq0wlph dqg lq0vsdfh rshudwruv1
Wkhruhp 41 Ohw R
>
E|c % eh wkh vroxwlrq wr +517, vxemhfw wr wkh lqlwldo frqglwlrq R
>
Efc % '
s E% 5   c wkh Edqdfk vsdfh ri frqwlqxrxv ixqfwlrqv zlwk ghfd| dw lqqlw|1 Wkhq +l, wkh
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 frqyhujhv srlqwzlvh lq U wr d plog vroxwlrq ri +518, xqghu
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Wkh vhtxhqfh ri frqwlqxrxv wlph udqgrp zdonv zklfk wklv htxdwlrq ghvfulehv zloo dovr
frqyhujh lq wkh zhdn vhqvh1
Uhpdun 51 D pruh jhqhudo htxdwlrq lv rewdlqhg e| doorzlqj D lq +518, wr eh wkh lqq0
lwhvlpdo jhqhudwru ri d Pdunry surfhvv1 Wkh uhvwulfwlrq ri f 	 q   lv vwloo uhtxluhg
lq wklv uhpdun1 D vshfldo fdvh ri wklv lv wkh iudfwlrqdo Irnnhu0Sodqfn htxdwlrq vwxglhg e|
Phw}ohu dqg Nodiwhu ^6<` dprqj rwkhuv1 Zh duh deoh wr sursrvh dq dowhuqdwlyh ylhz wr
wklv htxdwlrq dqg surylgh dq h{solflw frqvwuxfwlrq ri d vwrfkdvwlf surfhvv zkrvh pdujlqdo
glvwulexwlrq vdwlvhv wkh iudfwlrqdo Irnnhu0Sodqfn htxdwlrq1 Wklv lv dfklhyhg e| wdnlqj wkh
olplw ri d vhtxhqfh ri vroxwlrqv wr d iudfwlrqdo0lq0wlph olqhdu Erow}pdqq htxdwlrq1
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+51;, lv wkh olqhdu Erow}pdq htxdwlrq dqg vr zh uhihu wr wklv htxdwlrq dv wkh iudfwlrqdo0lq0
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Zh qrwh wkdw uhsuhvhqwdwlrq +5143, lv htxlydohqw wr Ht1 +58, lq Edhxphu dqg Phhuvfkdhuw
^43` zkhq D lv wdnhq wr eh wkh jhqhudwru ri d Ihoohu vhpljurxs dvvrfldwhg zlwk dq lqqlwho|
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glylvleoh odz1 Wkh uhsuhvhqwdwlrq +5143, vxjjhvwv wkdw qxphulfdo vroxwlrq ri wkh htxdwlrq
fdq eh rewdlqhg e| vroylqj wkh htxdwlrq zlwk q '  dqg wkhq shuiruplqj wkh lqwhjudwlrq
ryhu wlph qxphulfdoo|1
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Lq vwxg|lqj wkh ehkdylrxu ri wkh vdpsoh sdwkv ri wkh vroxwlrq wr +419, lw zloo eh xvhixo wr
uhfdoo vrph uhvxowv rq wkh jhrphwu| ri udqgrp hogv +vhh Dgohu ^4`,1 Ohw 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dqg hvwdeolvk vrph surshuwlhv ri wkdw vroxwlrq1 Sursrvlwlrqv 57 dqg 9 jlyh wkh frqglwlrqv
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wkh vdph surri/ zlwk wkh h{fhswlrq ri htxdwlrqv +61;,/ +61<, lq Sursrvlwlrq 5 dqg wkh orzhu
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yroxph 98 ri Rshudwru Wkhru| Dgydqfhv dqg Dssolfdwlrqv1 Elunkçxvhu Yhuodj/ Edvho/ 4<<61
^53` P1 P1 Gmuedvkldq dqg D1 E1 Qhuvhvldq1 Iudfwlrqdo ghulydwlyhv dqg wkh Fdxfk| sureohp iru glhuhqwldo
htxdwlrqv ri iudfwlrqdo rughu1 L}y1 Dfdg1 Qdxn Dupmdqvny| VVU/ 6+4,=65</ 4<9;1 Lq Uxvvldq1
^54` U1 Jruhq r/ D1 Lvnhqghury/ dqg \1 Oxfknr1 Pdsslqj ehwzhhq vroxwlrqv ri iudfwlrqdo glxvlrq0zdyh
htxdwlrqv1 Iudfwlrqdo Fdofxoxv dqg Dssolhg Dqdo|vlv/ 6+4,=:8;9/ 53331
^55` U1 Jruhq r/ \1 Oxfknr/ dqg I1 Pdlqdugl1 Dqdo|wlfdo surshuwlhv dqg dssolfdwlrqv ri wkh Zuljkw
ixqfwlrq1 Iudfwlrqdo Fdofxoxv dqg Dssolhg Dqdo|vlv/ 5=6;6747/ 4<<<1
^56` U1 Jruhq r/ \1 Oxfknr/ dqg I1 Pdlqdugl1 Zuljkw ixqfwlrqv dqg vfdoh0lqyduldwh vroxwlrqv ri wkh
glxvlrq0zdyh htxdwlrq1 M1 Frpsxw1 Dsso1 Pdwkhp1/ 44;=4:84<4/ 53331
^57` U1 Jruhq r/ I1 Pdlqdugl/ H1 Vfdodv/ dqgP1 Udehuwr1 Iudfwlrqdo fdofxoxv dqg frqwlqxrxv0wlph qdqfh
LLL= wkh glxvlrq olplw1 Lq P1 Nrkopdqq dqg V1 Wdqj/ hglwruv/ Pdwkhpdwlfdo Ilqdqfh/ sdjhv 4:44;31
Elunkdxvhu0Yhuodj/ Edvho0Ervwrq0Ehuolq/ 53341
^58` U1 Kloihu1 Iudfwlrqdo wlph hyroxwlrq1 Lq U1 Kloihu/ hglwru/ Dssolfdwlrqv ri Iudfwlrqdo Fdofxoxv lq
Sk|vlfv/ sdjhv ;:4631 Zruog Vflhqwlf/ Vlqjdsruh/ 53331
^59` E1 G1 Kxjkhv1 Udqgrp Zdonv dqg Udqgrp Hqylurqphqwv/ yroxph 41 Foduhqgrq Suhvv/ 4<<81
^5:` M1 Mlpìqh}1 K|shuylvfrxv yruwlfhv1 M1 Ioxlg Phfk1/ 5:<=49<4:9/ 4<<71
^5;` R1 Ndoohqehuj1 Irxqgdwlrqv ri prghuq suredelolw|1 Vsulqjhu/ Qhz \run/ 53351
^5<` M1 Nodiwhu/ D1 Eoxphq/ dqg P1 I1 Vkohvlqjhu1 Vwrfkdvwlf sdwkzd|v wr dqrpdorxv glxvlrq1 Sk|v1
Uhy1 D/ 68=63;463;8/ 4<;:1
^63` D1 Q1 Nrfkxehl1 Iudfwlrqdo rughu glxvlrq1 M1 Gl1 Htv1/ 59+7,=7;87<5/ 4<<31
^64` D1 Odvrwd dqg P1 F1 Pdfnh|1 Fkdrv/ Iudfwdov dqg Qrlvh1 Vsulqjhu0Yhuodj/ vhfrqg hglwlrq/ 4<<81
^65` H1 Ohyhtxh dqg ]10V1 Vkh1 Ylvfrxv hhfwv rq lqhuwldo udqjh vfdolqjv lq d g|qdplfdo prgho ri wxuex0
ohqfh1 Sk|vlfdo Uhylhz Ohwwhuv/ :8+47,=59<359<6/ 5 Rfw1 4<<81
^66` H1 Oxndfv1 Fkdudfwhulvwlf Ixqfwlrqv1 Jul!q/ Orqgrq/ 4<:31
^67` I1 Pdlqdugl1 Wkh ixqgdphqwdo vroxwlrqv iru wkh iudfwlrqdo glxvlrq0zdyh htxdwlrq1 Dsso1 Pdwk1 Ohww1/
<+9,=565;/ 4<<91
^68` I1 Pdlqdugl/ P1 Udehuwr/ U1 Jruhq r/ dqg H1 Vfdodv1 Iudfwlrqdo fdofxoxv dqg frqwlqxrxv0wlph qdqfh
LL= wkh zdlwlqj0wlph glvwulexwlrq1 Sk|vlfd D/ 5;:=79;7;4/ 53331
^69` P1 P1 Phhuvfkdhuw/ G1 D1 Ehqvrq/ dqg E1 Edhxphu1 Pxowlglphqvlrqdo dgyhfwlrq dqg iudfwlrqdo
glvshuvlrq1 Sk|v1 Uhy1 H/ 8<=8359835;/ 4<<<1
^6:` P1 P1 Phhuvfkdhuw/ G1 D1 Ehqvrq/ K1 S1 Vfkh"hu/ dqg E1 Edhxphu1 Vwrfkdvwlf vroxwlrq ri vsdfh0wlph
iudfwlrqdo glxvlrq htxdwlrqv1 Sk|v1 Uhy1 H/ 98=44364439/ 53351
^6;` P1 P1 Phhuvfkdhuw dqg K1 S1 Vfkh"hu1 Olplw wkhruhpv iru frqwlqxrxv wlph udqgrp zdonv1 Mrxuqdo
ri Dssolhg Suredelolw|/ 74+6,=95697;/ 53371
^6<` U1 Phw}ohu dqg M1 Nudiwhu1 Wkh udqgrp zdon*v jxlgh wr dqrpdorxv glxvlrq= d iudfwlrqdo g|qdplf
dssurdfk1 Sk|vlfv Uhsruwv/ 66<=4::/ 53331
^73` H1 Ruvlqjkhu dqg O1 Ehjklq1 Wlph0iudfwlrqdo whohjudsk htxdwlrqv dqg whohjudsk surfhvvhv zlwk Eurz0
qldq wlph1 Surede1 Wkhru| Uhodw1 Ilhogv/ 45;=474493/ 53371
^74` L1 Srgoxeq|1 Iudfwlrqdo Glhuhqwldo Htxdwlrqv1 Dfdghplf Suhvv/ Vdq Glhjr/ 4<<<1
^75` E1 Udmsxw dqg M1 Urvlqvnl1 Vshfwudo uhsuhvhqwdwlrq ri lqqlwho| glylvleoh surfhvvhv1 Sure1 Wkhru|
Uho1 Ilhogv/ ;5=7847;:/ 4<;<1
^76` \1 D1 Ur}dqry1 Udqgrp hogv dqg vwrfkdvwlf sduwldo glhuhqwldo htxdwlrqv1 Noxzhu Dfdghplf/
Ervwrq/ 4<<;1
IUDFWLRQDO NLQHWLF HTXDWLRQ 5:
^77` D1 L1 Vdlfkhy dqg J1 P1 ]dvodzvn|1 Iudfwlrqdo nlqhwlf htxdwlrqv= vroxwlrqv dqg dssolfdwlrqv1 Fkdrv/
:+7,=:86:97/ 4<<:1
^78` Z1 U1 Vfkqhlghu1 Iudfwlrqdo glxvlrq1 Lq U1 Olpd/ O1 Vwuhlw/ dqg G1 Y1 Phqghv/ hglwruv/ G|qdplfv
dqg Vwrfkdvwlf Surfhvvhv/ Wkhru| dqg Dssolfdwlrqv/ sdjhv 5:95;91 Yroxph 688 ri Ohfwxuh Qrwhv lq
Sk|vlfv1 Vsulqjhu/ Khlghoehuj/ 4<<31
^79` Z1 U1 Vfkqhlghu dqg Z1 Z|vv1 Iudfwlrqdo glxvlrq dqg zdyh htxdwlrqv1 M1 Pdwk1 Sk|v1/ 63+4,=467
477/ 4<;<1
^7:` P1 Vkohvlqjhu/ M1 Nodiwhu/ dqg \1 P1 Zrqj1 Udqgrp zdonv zlwk lqqlwh vsdwldo dqg whpsrudo pr0
phqwv1 M1 Vwdwlvw1 Sk|v1/ 5:=7<<845/ 4<;51
^7;` Y1 Y1 Xfkdlnlq dqg Y1 P1 ]rorwduhy1 Fkdqjh dqg Vwdelolw|= Vwdeoh Glvwulexwlrqv dqg lwv Dssolfdwlrqv1
YVS/ Xwuhfkw/ 4<<<1
^7<` M1 E1 Zdovk1 D vwrfkdvwlf prgho ri qhxudo uhvsrqvh1 Dgy1 Dsso1 Sure/ 46=5645;4/ 4<;41
^83` M1 E1 Zdovk1 Uhjxodulw| surshuwlhv ri d vwrfkdvwlf sduwldo glhuhqwldo htxdwlrq1 Lq Vhplqdu rq Vwr0
fkdvwlf Surfhvvhv/ 4<;6/ sdjhv 58:5<31 Elunkçxvhu/ Ervwrq/ 4<;71
^84` H1 Zrqj dqg E1 Kdmhn1 Vwrfkdvwlf Surfhvvhv lq Hqjlqhhulqj V|vwhpv1 Vsulqjhu0Yhuodj/ 4<;81
+M1 P1 Dqjxor dqg P1 G1 Uxl}0Phglqd, Ghsduwphqw ri Vwdwlvwlfv ) Rshudwlrqv Uhvhdufk/
Xqlyhuvlw| ri Judqdgd/ Fdpsxv Ixhqwh Qxhyd v2q/ H04;3:4 Judqdgd/ Vsdlq
H0pdlo dgguhvv/ M1 P1 Dqjxor= mpdqjxorCxju1hv
H0pdlo dgguhvv/ P1 G1 Uxl}0Phglqd= puxl}Cxju1hv
+Y1Y1 Dqk dqg U1 PfYlqlvk,/ Vfkrro ri Pdwkhpdwlfdo Vflhqfhv/ Txhhqvodqg Xqlyhuvlw|
ri Whfkqrorj|/ JSR Er{ 5767/ Eulvedqh/ T7334/ Dxvwudold
H0pdlo dgguhvv/ Y1Y1 Dqk= y1dqkCtxw1hgx1dx
H0pdlo dgguhvv/ U1 PfYlqlvk= u1pfylqlvkCtxw1hgx1dx
